Chladniite, a complex phosphate species belonging to the fillowite group so far only found in meteorites, was identified in a pegmatite from Córdoba (Argentina) as inclusions in beusite. Applying synchrotron through-the-substrate microdiffraction technique (tts-µXRD) to polished thin sections prepared on very thin glass substrates (0.1 mm), diffraction data with nearly single-crystal quality were directly measured at selected chladniite microvolumes of the section.
Introduction
The synchrotron through-the substrate microdiffraction (tts-µXRD) technique consists of obtaining synchrotron diffraction data from a sample mounted in a thin section of the type routinely used for petrographic studies (Rius et al., 2011) . The small beam diameter (about 15 µm) allows collection of data (measured in transmission mode) from single crystals without the need of removing them from the thin section, thus preserving the textural context and avoiding a possible sample deterioration during extraction of a fragment. A complete description of the technique is provided by Rius et al. (2015) . As the method development evolved, it became evident that incoherent scattering from the glass substrate was one of the most limiting factors, as it tended to obscure weak reflections and also restricted the maximum rotation angles that could be reached during data collection. To overcome this problem, we present here an alternative way of sample preparation and test it by refining one of the most complex phosphate structures belonging to the fillowite group.
Since the preparation of thin sections on very thin glass-substrates is of potential interest for mineralogists and petrologists, a short description of this simple preparation technique is also given.
The fillowite group
Fillowite was first described as a new mineral species by Brush and Dana (1879) , who considered it as monoclinic (pseudo-trigonal) on the basis of morphological observations. That the symmetry is trigonal and that the true space group is R-3 was later reported by Fisher (1965) . However, sixteen years were still necessary until the first crystal structure determination was published (Araki and Moore, 1981) . Fillowite group minerals have one of the most complex phosphate structures known to date. Although fillowite crystallizes in space group R-3, there are 45 independent atom positions, with a ≈ 15.3, c ≈ 43.3 Å, and Z = 18. Subsequent structural refinements of related minerals have shown variable order in the ten metal sites, some of them being occupied by a single cation but mostly by Mg and (Fe+Mn) in different ratios. The coordination number of these sites is variable, ranging from 5 (distorted trigonal bipyramids) to 6 (octahedral). The provisional classification scheme suggested by Grew et al. (2006) where these ten M sites are grouped together for the purpose of species definition seems advisable in order to avoid a proliferation of names. According to this proposal the generalized formula for members of the fillowite group is (Na,K, ) 2 (Na,K) 6 (Olsen et al., 1999 6 , space group P-1 (IMA 2006-006), has been described as belonging to the fillowite group. However, a definitive classification will have to wait until more information becomes available. Table 1 Chladniite, the Ca and Mg end-member of the fillowite group, was discovered in the Carlton IIICD iron meteorite (McCoy et al., 1994) . Steele (1994) used a fragment drilled out of a polished thin section for solving its crystal structure. Subsequently, this phosphate was found in another meteorite (Floss, 1999) . Note that, depending on the classification scheme adopted, the synthetic phosphates described by Domanskii et al. (1982) and Hatert and Fransolet (2003) may also be considered chladniite. However, they present a different stoichiometry, i.e., Ca 2 Na 6 (Ca 6 Na 2 )CaMg 42 (PO 4 ) 36 (Domanskii et al., 1982) vs. CaNa 2 Na 6 (Ca 4 Na 4 )Mg 43 (PO 4 ) 36 (McCoy et al., 1994) (Hatert and Fransolet, 2003) . In any case, the first terrestrial finding of chladniite is the one reported in the present contribution (Fig. 1) . The sample comes from the Tablada I pegmatite, in Pocho Department, Córdoba Province (central Argentina).
Its geological setting was described by Colombo et al. (2012) , where the material was provisionally identified as maghagendorfite based on compositional data acquired with an electron microprobe. 
Experimental

Chemical analyses of chladniite
The sample was studied in three different labs in Madrid, Córdoba (Argentina) and Barcelona using BSE imagery and quantitative electron microprobe analysis. The analyses reported here were obtained with a JEOL 8900 electron microprobe (by wavelength-dispersive spectroscopy), located at the Centro de Microscopía Electrónica Luis Brú (Universidad Complutense de Madrid).
Operating conditions were: 15 kV, 20 nA, and a beam diameter of 2-5 µm. Standards were kaersutite (Ca,Mg), fluorapatite (P), almandine (Fe,Mn), gahnite (Zn) and albite (Na). Other elements specifically sought but found to be below the detection limits (in ppm) were Al (260), Si 
Preparation of polished thin sections on 0.1 mm glass-substrates
To diminish the scattered background in the tts-µXRD experiment it is most convenient to reduce the thickness of the glass substrate of the polished thin section. However, risk of fracture also increases with decreasing thickness. To reduce the thickness from the usual 1 -1.5 mm to 0.1 mm, a two-stage method was developed (Fig. 2) . The first stage of the method consists of gluing two glasses together with an acetone-soluble adhesive. These glasses are a standard slide (about 1.5 mm thick) and a cover slide (about 0.1 mm thick). The resulting composite glass is then handled following the classical thin-section preparation procedure: i. the rock slice is glued with epoxy to the cover slide; ii. the rock sample is thinned to the desired thickness; iii. the thin section is finished with a mirror polish for electron microprobe analysis. The thin section in this form can be safely manipulated. It can also be studied using polarized light microscopy, and areas of interest are selected by drawing a circle with a fine-point permanent marker. After carbon coating, minerals are examined with electron microscopy (which may reveal chemical zoning not evident in polarized light microscopy), and interesting points are quantitatively analyzed by electron microprobe. The second stage of the method begins once all relevant chemical information and images have been obtained. The thin section is allowed to soak in solvent for ca. 24 hours. This process dissolves the adhesive between the two glass slides (but not between the rock and the glass immediately beneath it), and the rock-plus-cover assemblage can be cleanly separated from the thick glass (standard slide), so that the sample is already finished for the tts-µXRD experiment. An additional benefit of the procedure is that the solvent also dissolves the permanent ink around the areas of interest. Since the carbon coating was applied on top of the ink, the now-gone circles are still visible as pale lines on a darker background (caused by the carbon still adhered to the rock surface). This helps to identify and hence to locate the selected areas in the diffraction experiment. As can be seen in Fig.   3 , the 0.1 mm-thick glass substrate produces a very low background. 
Synchrotron tts-µXRD data collection
The tts-µXRD experiment was performed at the microdiffraction/high pressure station of the MSPD beamline (ALBA Synchrotron) (Fauth et al., 2013) . This endstation is equipped with KirkpatrickBaez mirrors providing a monochromatic focused beam of 15 x15 μm 2 (FWHM) size and a Rayonix SX165 CCD detector (round active area of 165 mm diameter, frame size 2048 x 2048 pixels, 79 μm pixel size, dynamic range 16 bit). The energy used was 29.2 keV (λ = 0.4246Å) determined from the Sn absorption K-edge. The sample-detector distance and the beam centre position were calibrated using the Fit2D software (Hammersley et al., 1994) from LaB 6 diffraction data measured at exactly the same conditions as the samples. Samples were mounted in a xyz stage with a vertical tilt axis (ϕ axis). The thin section was always faced to the detector as described in Rius et al. (2015) .
The transparency of the glass-substrate allows selecting the measurement point directly with a coaxial visualization system. The sample was mounted visually normal to the beam (sampledetector distance = 185.15mm). The exploration of the reciprocal space was performed by rotating the sample around the ϕ axis and performing small ϕ scans (Δϕ= 0.25º, time/frame= 0.5 s) which were stored as a sequence of 140 frames covering the ϕ range between -35.0 and +35.0º. Intensity extraction was performed with the single-crystal package XDS (Kabsch, 2000) . Table 2 3. Crystal structure refinement and discussion
The refinement was performed using SHELX (Sheldrick, 2008) , using the data of Araki and Moore (1981) as starting model. Final graphics were generated with VESTA (Momma and Izumi, 2011).
Miscellaneous information related to crystal data and structure refinement can be found in Table 2 .
Atomic coordinates and isotropic displacement parameters (DP) are listed in Table S1 and anisotropic DP are given in Table S2 . Selected interatomic distances can be found in Table S3 .
Ionized scattering curves were used for all elements except for P. Site occupancies were assigned taking into account the aggregate scattering power of each site and the average <M-O> distance (M: metal). There is a good correspondence between the composition calculated from electronmicroprobe analysis and crystal structure. Figure 4 The topology of the minerals belonging to the fillowite group is already known, and the reader is referred to Moore (1989) and the publications mentioned in Table 1 (especially to that of Araki and Moore, 1981). The crystal structure ranks among the most complex structures known for phosphates. It can be rationalized as columns (rods in the terminology of Araki and Moore, 1981) of polyhedra located at the three fold rotation axis (Fig. 4) .
The cation sequence along a single column is M(1)-M(3)-Na(1)-Na(2)-M(4)-M(5)-M(2)-M(5)-M(4)-Na(2)-Na(1)-M(3)... Whereas the
M(1) and M(2) octahedra are connected to the neighbouring polyhedra of the same column via bridging (PO 4 ) groups, sites M(3)-Na(1)-Na(2)-M(4)-M(5) define a block of five face-sharing polyhedra. These are octahedra except for the nine fold coordinated Na(2). The remaining four (PO 4 ) tetrahedra decorate these columns, defining a hexagonal motif when viewed down the c axis.
These complex units are connected to other metals placed along the ternary screw axis at (x= 1/3, y=
. The two remaining metal atoms M(6) and M(7) at approximately (x= 1/3, y= 1/6) further link facing (PO 4 ) tetrahedra. Some characteristics of the chladniite structure reported in the present study appear in Table 3 . The M(1) site at the unit cell origin is dominantly filled by Mn 2+ ; in contrast, in the very Mn-poor meteoritic chladniite it is occupied by Ca (Steele, 1994; McCoy et al. 1994) . In this sense, terrestrial chladniite bears a closer resemblance to fillowite. Table 3 As seen in other structures of this group, the coordination number of sites M(1) to M(11) (mainly occupied by Fe, Mn and Mg, with subordinate Ca) is 6 or 5. Sodium is also in octahedral coordination in site Na(1), but it is seven-or nine-fold coordinated in the other two sites [Na(2) and ) around 0.14. Small quantities of Ca are disordered among some of the M sites, but this element is strongly concentrated in the Ca(1) position. It is interesting to note that fillowite, meteoritic chladniite and the sample studied here all display an occupancy of the Ca(1) position which is about 0.66 Ca:0.33 Na. Vacancies (≤ 15%) are present in some sites. An exception is site Na (1) which is only about half occupied.
These results clearly demonstrate the possibility of performing accurate crystal structure refinements from tts microdiffraction data thanks to the introduction of the very thin glass-substrate which makes accessible a larger portion of the weighted reciprocal space. In cases where the crystal structure model is unknown, the increased completeness of the intensity data set also facilitates the application of Patterson-function direct methods (Rius, 2014) . Floss (1999) suggests two possible hypothesis for the formation of chladniite: it could be either a replacement product of graftonite (which, in turn, originated by reaction of olivine and orthopyroxene with metallic iron containing dissolved P), or it could crystallize from the reaction of silicates (plagioclase and pyroxene) with metallic iron or schreibersite [(Fe,Ni) 
Comparison of chladniite from diverse occurrences
It is clear from published data ( Table 1) The glass cover is fixed to the thick glass slide with soluble glue and to the rock slice with insoluble one; (B) Once the rock slice has been polished to the desired thickness, soluble glue is removed, so that the rock slice on the thin glass cover is ready for the diffraction experiment. et al. (1994) . Other Ca-and Mg-dominant compositions are also possible (see Grew et al., 2006) . 1: Araki and Moore (1981), 2: Zhesheng et al. (2005 ), 3: Livingstone (1980 ), 4: McCoy et al. (1994 ), 5: Steele (1994 ), 6: Floss (1999 ), 7: Grew et al. (2006 ), 8: Olsen & Steele (1997 ), 9: Olsen et al. (1999 . species cation sites selected references Na(1) Na(2)+Ca Na(3) M (1) The glass cover is fixed to the thick glass slide with soluble glue and to the rock slice with insoluble one; (B) Once the rock slice has been polished to the desired thickness, soluble glue is removed, so that the rock slice on the thin glass cover is ready for the diffraction experiment. Fig. 3 . Comparison of 2D frames of mineral beusite taken by tts-µXRD using the same experimental conditions except for the glass-substrate thicknesses (left: 1.5mm; right: 0.1mm). In the left image, it can be seen the high background around the origin due to the glass contribution which becomes even more evident when performing the circular integration (inset). 
